Estimator and System Evaluator (ICEASE), ICEASE (Irrigation Cost Estimator and canbe used to estimate costs under a variety System Evaluator) is a microcomputer model of operating conditions and to evaluate irrigadesigned and developed to meet the need for tion systems for economical water use. conducting economic evaluation of adjust-ICEASE is designed to utilize user-supplied ments to irrigation systems and management data to calculate the operating costs for center techniques to improve the use of irrigated pivot and gated pipe irrigation systems that water. ICEASE can calculate the annual operuse either natural gas, propane (LP) gas, ating costs for irrigation systems and has five diesel fuel, or electricity. options that can be used to economically ICEASE iunique for several reasons. The evaluate improvements in the pumping plant program is designed specifically to be used or the way the irrigation system is used for with data collectefrom a standard well and crop production.
2. evaluation of switching power units from 
ECONOMIC ANALYSIS
Total Operating Cost = $9707.21.
The economic model is basically composed of Cost/Acre = $60.67.
budget generator and present value analysis ostHr. =$6.74.
algorithms. Technical data concerning the use of the irrigation system to be evaluated are Optional Evaluations entered interactively into ICEASE alongpti l with input prices and costs. There are 52 ma-
The first optional evaluation involves deterjor equations in the model. Many of these mining if pump repair or replacement is ecoequations use the input data along with enginomically Justified. One of the most important neering standards applicable to the specific parts of this evaluation is predicting the flow type of irrigation system and power source to rate in gallons per minute (GPM) of the well estimate current costs and projected costs when the pump is repaired or replaced. To do under expected future operating conditions or this, the model uses a procedure developed by alternative operating conditions. Pacific Gas and Electric. Complete documentation of this procedure can be found in Dvorak et al. (1985a) . Once the new flow rate for the repaired Annual Costs pump is estimated, the operating costs of the The first major component of the computer pumping plant can be calculated using the new model estimates eight annual operating costs predicted flow rate and technical pumping effor the system being evaluated. The eight ficiency. The flow rate and technical pump efcomponents and sample output from ICEASE ficiency will be improved, and operating hours which uses data for an actual flood irrigation and total costs will be reduced, assuming the system in southwestern Kansas are shown in same amount of water is applied as before the Table 1 . Most of the costs are calculated using pump was repaired or replaced. standard engineering formulas from per-unit Total annual operating cost for the system is cost and wage rate information supplied by estimated for a 10-year period with and withthe operator. The exceptions to this are the out improvements. The difference between costs for maintenance and repair of the irrigathe two is the savings that can be expected. tion system, which are estimated by proceFor the example irrigation system, the disdures based on survey data collected by counted operating cost savings are positive Etzold and Williams. During 1984, irrigators ( Table 2 ). The data for this example can be who recently had completed pumping plant found in Table 3 . If the total savings of the performance tests were surveyed in Kansas 10-year period calculated are negative, the and Texas. A data base of repair and mainmodel will terminate the evaluation because it tenance costs was established which correis not economically feasible to make improvesponded to recently measured pumping plant ments to the pumping plant. If the savings are characteristics. Maintenance costs for the positive in the evaluation of pump repair or repower unit are based on costs per hour of placement, the model will continue the evaluaoperation, and repair costs for the distribution tion by asking for an estimate or using a systems are based on costs per acre. Total computer-generated estimate of the cost to operating costs for the actual flood irrigation repair or replace the pump. Repair cost estisystem using a natural gas power source are mates are based on equations developed by $60.67/acre. over the 10-year period are summed. If the If the total savings from switching power total discounted savings are less than the estiunits are positive, the model evaluates the mate to repair or replace the pump, the evalucost of purchasing and installing a new power ation is complete. If the discounted savings unit. This is compared to the present value of exceed repair cost, the repair cost is subthe total savings from switching power units tracted from the total discounted savings to over a 10-year period. The model prompts the show the user the net savings that can be exuser for an estimate of the cost to install a new pected over a 10-year period. In the example, power unit and gear head (if needed) or genthe net savings from repair are also positive erates an estimate. The power unit, gear ( Table 2 ). The number of years (payback head, and any miscellaneous costs are subperiod) required to pay for the repairs is also tracted from the present value of the 10-year estimated.
total savings and any salvage value is added to arrive at the net savings. If this results in a given the specified scenerio.
Number of years to payback repair costs = 8
The fourth optional evaluation routine calculates and displays the annual operating The second optional evaluation procedure costs for the irrigation system given alternadetermines if switching to an alternative tive levels of water application (inches applied power source is economically feasible. When per acre). The fifth optional procedure estiswitching power sources, operating conditions mates and displays the annual operating costs associated with the pumping plant are asfor each year in a ten-year period given a user sumed to remain the same. The model uses a supplied scenario of annual fuel inflation rates. procedure developed by Dorn to convert the The operating costs for both the fourth and fuel consumption for the current power source fifth optional evaluations are estimated with to an equivalent amount of fuel for the alterthe same procedures used to estimate operatnate power source. Once the model estimates ing costs in the initial section of the model, usthe fuel consumption for the alternate power ing two-inch water application increments or source under consideration, the total annual any fuel inflation estimate desired. operating costs are estimated. To evaluate the Further documentation of the computer alswitching of power units, the model estimates gorithm, including equations and parameters the savings from switching to the alternative used, can be found in Williams et al. (1985) . power source. If the total savings for a 10-year DATA NEEDS period are negative, the evaluation is completed and the power unit switch is not ecoBefore the ICEASE model can be used to nomically feasible.
calculate costs or evaluate irrigation system adjustments, technical and economic data, 305 20. Current static water level.
which will serve as input to the model, need to 340 21. Current pumping water level. in Table 3 interest to finance the purchase of an 925 8. BTU content of natural gas per MCF if using a alternative power unit. natural gas engine.
36. Salvage value of old power unit. -9. Electric connect charge per horsepower, if 37. Miscellaneous costs to switch units. using an electric motor for a power source. $4.50 10. Lubricating oil cost per gallon. 
Evaluation of Water

IMPLICATIONS FOR EXTENSION,
southern regions, at least 60 percent of the TEACHING, PRODUCER, AND water source is groundwater. The range in RESEARCH USES feet of lift for extraction of water from The model is not only helpful in calculating groundwater sources for these regions easily costs and making irrigation system adjustcan be accommodated by the program. The ments, but also in teaching producers and program is also designed to handle cost estiextension personnel the fundamentals of irrigamates for center pivot and gated pipe (surface) tion engineering and economics related to the distribution systems. In three of four pumping of water. After using the model, irrisouthern regions, center pivot and surface disgators and educators will have a better undertribution systems account for 58 percent to 94 standing of the technical factors that impact percent of the system types. In addition, of irrigation costs as well as economic variables the 11 states which have major groundwater such as energy price and wage rates.
decline areas, four of them are in the southern Many states currently are offering free region (Sloggett, 1981) . Included are areas in pumping plant performance tests. Often a team the Ogallala region that have groundwater deof Soil Conservation Service (SCS) engineers dine of 1/2 foot to 6 feet. One of the unique or agricultural extension service engineers confeatures of the program is that it can calculate duct these tests. Usually when the test is comirrigation costs associated with the dynamic pleted, questions arise concerning economic conditions in an area of major groundwater analysis of changes to the system. In most decline. cases, the producer has been referred to his or her pumping plant equipment dealer or an ex-SYSTEM REQUIREMENTS, MODEL tension economist. Many times there is no TESTING, AND DISTRIBUTION follow-up, and the irrigator is left with little economic evaluation of the technical data to
The program is available in compiled make any decisions. This model specifically is BASIC for microcomputers with an MS-DOS designed to handle data collected in a standard operating system. It requires 84K of RAM. A pumping plant performance test so that a more printer is not required but would be useful. complete evaluation of the system can be con-
The computer prompts the user with specific ducted, providing economic information that questions that require technical and economic the irrigator can use for decision making. data relevant to the irrigation system being The model may be used for research purevaluated. Suggested ranges in the values of poses as well. To date, it has been used to variables and error checking are also included generate irrigation cost parameters for i the program. If the user enters a value for a objective function in whole-farm linear and variable that falls outside of typical specified non-linear programming analyses. These ranges, the computer will respond with a reparameters are important for selecting opquest that the user check the input data. timum irrigation schedules and cropping
Results of the analysis are routed to the comsystems for a variety of irrigation scenarios.
puter terminal with the option of also having The iterative capabitilites of this program are the information routed to a printer. A user's useful particularly when cost estimates are remanual (Williams et al., 1986 ) is also available quired for multi-year analysis of irrigation with an example showing actual data for each scheduling and cropping system transition unoption and results of all optional evaluations. der conditions with constrained water
The model was reviewed and tested using availability, actual pumping plant performance data by an SCS engineer who was independent from the project. The model was also tested against re-RELEVANCE TO SOUTHERN sults calculated by hand from several case sit-IRIGATION PRACTICE uations, which were based on actual farm The program can analyze irrigation systems system data. The user's manual was also designed to pump water from groundwater reviewed and the model was tested by agriculsources using a turbine pump and either a tural economics department personnel not center pivot or gated pipe distribution system associated directly with the project. which are typical of the Ogallala Aquifer Discussions concerning distribution are curregion. Sloggett (1982) points out that in 1980 rently taking place with the SCS and other the southern region irrigated 37 percent of the agency personnel conducting well and pumpirrigated land in the U.S. Within three of four ing plant performance tests in the Ogallala Aquifer region. A private firm is also negotiating plant and the amount the system is used. ing an agreement for wider distribution to inWith this information, an irrigator should be dividual farm operators. The program is curable to decide if it is economically feasible to rently free to personnel from all land grant make changes or improvements in the pumpuniversities.
ing plant to reduce irrigation costs. ICEASE is unique. The program is specifically designed to be used with data collected SUMMARY from a standard well and pumping plant perProper use of the model ICEASE will proformance test. It also has an algorithm to vide an irrigator with estimated costs to iteratively estimate the economic impact on operate a specific irrigation system. The irrigation costs from a falling water table model also provides estimates of the costs and/or technical pump efficiency due to a associated with possible changes to the pumpdecline in an aquifer.
